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ANODE DROP WITH HOT CAO CATHODE. 

^^J c 1 

BY C. D. CHILD. 

TH E drop in potential at the anode of the electric arc in a 
vacuum has been found to be much smaller than the cor

responding drop in a vacuum with small currents and unstriated 
discharge. The value of the former is about 6 or 7 volts,1 while 
that of the latter is about 20 volts.2 The discharge from hot CaO 
in a vacuum is in some respects intermediate between these two 
forms of discharge and the investigation of 
which the following is an account was under
taken for the purpose of examining this drop 
with such intermediate currents. 

Apparatus. — The apparatus in the first ex
periments here described is shown in Fig. I. 
T is a tube 3 cm. in diameter, through which 
the discharge passes. C is the cathode con
sisting of a piece of platinum foil, approxi
mately 2 mm. in width, 6 mm. in length and 
.02 mm. in thickness, the bottom being cov
ered with CaO. This was welded to aluminum 
wires and was heated by a storage battery 
connected at c and c!. A\s the anode. This 
was an iron disk 2.4 cm. in diameter, soldered 
to an iron wire which ran through a tube containing mercury into a 
cup b. The wire was there bent and brought out of the cup. By 
this means the anode could be conveniently raised and lowered, 
while the air was exhausted from the tube. The potential difference 
between A and C was maintained by a battery of small storage cells. 
e is the exploring electrode brought out at bf in a similar way. 

1 Wills, PHYS. REV., 16, 65, 1904. Child, PHYS. REV. , 20, 365, 1905. Stark, 
Retsehinsky and Schaposchihnoff, Ann. d. Phys., 19, 243, 1905. Pollak, Ann. d. 
Phys., 19, 217, 1906. 

2 Skinner, Phil. Mag. (6), 8, 387, 1904. 
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This was also iron. The upper vertical part was covered with a 
small glass tube for several centimeters, in order to insulate this 
part of the wire from the conducting gas about it. The wire was 
.4 mm. in diameter. The length of the horizontal part was 4 mm. 
(Experiment showed that this length might be varied greatly with
out affecting the readings.) P is the connection to the vacuum 
pump, McLeod gauge, and tube containing P205. e was connected 
to a quadrant electrometer which was standardized by comparison 
with a Weston voltmeter. The current through the tube was 
measured by a Weston ammeter, or when too small for that instru
ment, by a galvanometer which was compared with the ammeter. 
The part of the tube containing the cathode and the leading-in 
wires was a separate piece of glass which was sealed into the other 
tube with sealing wax. This enabled one to replace the platinum 
foil in case it was melted. 

Anode Drop with Different Distances between Electrodes. —The 
first experiment given below is a repetition of one given by Skinner,1 

showing the relation between the anode drop and the distance be-

TABLE I. 

Distance Between 
Electrodes in cm. 

.5 

1 

2 
3 
4 

6 
7 

8 
9 

10 

Anode Drop in 
Volts. 

23 

15.5 

14.5 

5.5 
6 
9 

21 
21 

25 

13 

Remarks. 

In Crookes dark space. 
a it it it 

tt a tt a 

In negative glow. 
n a a 
a a a 

Faint glow on anode. 
a tt n tt 

Glow on anode. 

First striation extending 1.5 cm. above anode. 

tween the electrodes. In this the current through the. tube was 
kept as nearly as possible at 1.4 x i o - 4 ampere, and the pressure 
at .035 mm. of mercury. The distance between A and e was ap
proximately 1 mm. and slight variations of this distance made no 
appreciable difference in the readings. The gas in these experi
ments was air. The current remained practically constant as long 

1 Phil. Mag. (6), 2, 637, 1901. 
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as the temperature of the cathode was constant, irrespective of the 
distance between the electrodes. One hundred cells of a storage 
battery were used in series with a water resistance of approximately 
2,000 ohms. The data found are given in Table I. 

These data are plotted in Fig. 2. The large values of the anode 
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drop occurred in Crookes dark space and just before a new stria-
tion began to appear. This was quite in harmony with what was 
found by Skinner. 

In addition it was found that increasing either the current or the 
pressure of the gas shortened the Crookes dark space greatly. This 
is shown by comparing the preceding table with the data given in 
Table II., where the current was .011 ampere and the pressure .07 
mm. of mercury. 

TABLE II. 

Distance Between 
Electrodes in cm. 

Anode Drop in 
Volts. Remarks. 

.5 
1 
2 
4 
6 
7 
8 
9 

10 

5.5 
3.6 
3.5 
3.7 
3.7 
4.4 
3.4 

17.5 
16.5 

In negative glow. 

Beginning of bright glow. 

One cm. of glow appearing above anode. 
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The curve given by these data is plotted in Fig. 3. 
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Fig. 3. 

Anode Drop and Striation. — It was found also that the anode 
drop varied as the position of the anode in the striation was varied. 
In order to show this well by having wide striations, a very low 
pressure was necessary, and with the tube used in the preceding 
experiment it was not possible to get all of a striation at such a low 
pressure, except when the cathode rays were deflected to the side of 
the tube by a magnet. Bringing a magnet near to the discharge is 
equivalent for the purpose in hand to lengthening the tube. The 
following observations were, therefore, taken with changes in posi
tion of striation produced by changing the position of a magnet. 
The distance between the electrodes was 8 cm. The pressure was 
.019 mm. and the current was constant at .022 ampere. 

TABLE III. 

Anode Drop 
in Volts. 

6.4 
19 
16 
13 
12 
12 
12 
18 
17 

No glow at anode. 

Remarks. 

No magnetic field. 
Faint glow appearing at anode as magnet is brought nearer. 
Top of glow 8 mm. 

" " " 12 mm. 
" " " 18 mm. 
" " " 25 mm. 
it u i( 3Q m m 

" " '• 35 mm. 
Second glow 8 mm. 

above anode. 
tt a 

a a 

tt it 

a tt 

" " Second dark space at anode. 
above anode. 

These data are plotted in Fig. 4. The fact is here more clearly 
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shown that the largest value of the anode drop was at the end of 
the dark region just as a faint glow was about to appear on the 
anode. Many cases of this sort were examined in the course of 
the investigation and this was found to hold true in all cases. 
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Anode Drop with Different Currents. — Data are given in Table 
IV. for the anode drop with different currents. The distance be
tween the electrodes was 5 cm. The pressure of the gas was . 15 
mm. The other conditions were the same as in the preceding ex
periments. The current was varied by changing the temperature 
of the cathode. 

TABLE IV. 

Current in Amperes 
X 1 0 - 3 . 

.01 

.02 

.034 

.051 

.10 

.60 

.95 

Anode Drop in Volts. 

34 
26 
8 
5 
3.5 
2.5 
2.2 

Current in Amperes 
1 X10-3. 

2.5 
9 

20 
1 250 

500 
700 

Anode Drop in Volts. 

3.3 
4.6 
7 

14 
18 
20 

Part of these data are plotted in Fig. 5. With the two smaller 
currents the only luminosity was a faint glow about one third of 
the way from the anode to the cathode. With larger currents this 
appeared to rise toward the cathode. With currents larger than 
those given in the table the beginning of a striation appeared on the 
anode. 
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The form of this curve was changed greatly by changing either 
the pressure of the gas, or the distance between the electrodes. It 
was apparently impossible to repeat the series of observations and 
get the same values, because the cathode continually gave out a 
slight quantity of occluded gas. However, the general character 
of the curve was always the same. There were always large values 
of the anode drop with very large and with very small currents. 
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Larger values of the current approach those which may be had 
with the mercury arc and these will be considered in a later part of 
this article. 

Anode Drop in Magnetic Field. — It would appear from what has 
preceded that the anode drop depended largely on whether the 
anode was in the direct path of the cathode rays or not. This was 
perhaps shown more clearly by deflecting the rays by means of a 
magnet. The change thus produced was especially noticeable 
when the anode was placed so that without the magnet the anode 
drop was small, as is shown in the following table. 

Deflecting the rays by a magnet is equivalent to moving the 
anode further from the cathode as has been stated, but it is instruc
tive to show the experiment in this form. In the following table 
the first reading is that given when there was no magnetic field. In 
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each succeeding one the magnet was moved nearer. The number 
of cells was 120. The distance between the electrodes was 8 cm. 
The pressure was .008 mm., and the temperature of the cathode 
remained constant. 

TABLE V. 

Current in Amperes X io - 4 . 
1.95 
2.05 
2.07 
2.14 

Anode Drop in Volts 
2.4 
9.3 

18 
23 

Anode Drop and Path of Cathode Rays.— That this increase in the 
anode drop was caused by the deflection of the cathode rays and not 
by any direct effect of the field was shown by taking the cathode 
out of the tube T and placing it in a side tube, which was made to 
open into T two or three centimeters above <?. It was so placed 
that under ordinary conditions no rays could go directly to the 
anode. When this occurred there was a glow above the anode at 
all pressures which could be attained. The lowest pressure was 
.001 mm. and the least drop was 22 volts. 

By placing a magnet near the tube and in the right position the 
cathode stream could be made to curve down 
into the tube T, so as to strike directly on A. 
Under such conditions the glow disappeared and 
the anode drop decreased to 2.6 volts, while the 
current remained practically constant. 

Anode Drop and the Electric Force near the 
Anode. — Skinner l calls attention to the fact that 
the region between the cathode and the first 
striation, where the anode drop is greatest, is 
also that where the electric force is greatest. It 
was found, however, on examining this force 
experimentally, that this statement would not hold under all condi
tions. In making measurements on this point the lower part of the 
tube was replaced by one shown in Fig. 6. A is the anode as be
fore, e and ef are two exploring electrodes brought through the 
side of the tube, the distance between them being 1.2 mm. These 
could not be moved, but since the different parts of the discharge 

1Phil . Mag. ( 6 ) , 2, 621, 1901. 
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Fig. 6. 
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could be brought to the anode either by changing the current or 
by bringing a magnet near the tube, this arrangement was con
sidered sufficient. The distance between the electrodes was 10 cm. 

The fact that the anode drop was not always greatest when the 
electric force was greatest was best shown by changing the current 
from quite small to very large values. This was done by changing 
the temperature of the cathode. There is given in Table VI. a 
series of readings taken in this way. 

Current Through Tube in 
Milliamperes. 

.007 

.035 

.7 
2.7 

112 
112 

TABLE 

Anode Drop in 

18 
4.4 
4.4 
5 

24 
15 

VI. 
Volts. Potential Difference Between 

e and & in Volts. 
+2.6 
- .4 
- .25 
- .25 
- 2 . 0 
+2.5 

The two last readings were taken with the same current, but in 
the last one a magnet was brought near the tube, causing the top 
of a striation to appear two or three millimeters above the anode. 

The negative sign before some of the values in the third column 
indicates an electric force in the opposite direction to that in which 
the current was flowing. Very careful tests indicated that a force 
existed at times in such a direction. The current is carried against 
this by the momentum of the negative ions. 

A very great change in the elecric force took place between the 
first and second readings, while the change in the anode drop was 
small. Between the second and third a large change took place in 
the anode drop while the change in the electric force wras small. 

A similar lack of agreement in the changes was found as a stria
tion was about to appear. This, however, is less significant, since 
the electric force changes very rapidly at the beginning of a striation 
and the electric force measured by the electrodes may have been 
quite different from that between the lower electrode and the anode. 
However, this objection can hardly hold in the case of the first three 
readings, so that we have good reason for saying that the anode 
drop does not depend on the electric force in its neighborhood. 

The conductivity of the gas in the neighborhood of the anode 
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was also examined. This was done by placing the two electrodes 
e and e1 parallel to the anode and connecting them to an E.M.F. of 
about 20 volts and to a galvanometer. The conductivity increased 
quite rapidly with increase of current and seemed to depend but 
very little on whether there was a glow at the anode or not. If the 
conductivity was measured when there was no glow at the anode 
and a glow was then produced by bringing a magnet near the tube, 
the conductivity changed but very little, while the anode drop changed 
greatly under these conditions. In fact no relation could be found 
between the anode drop and the conductivity of the gas near the 
anode. This was found to be true both with iron and with mercury 
for the anode. 

Anode Drop with Higher Pressures. — As the pressure of the gas 
was increased there came to be a glow at the anode at all times, 
whether it was a dark or bright part of the striation. The varia
tions of the anode glow were then much smaller than those given 
above. 

At still higher pressures there were no striations and no glow 
except in the immediate neighborhood of the electrodes. Under 
these conditions the anode drop scarcely varied at all when the cur
rent was changed. It did, however, increase as the pressure of the 
gas increased. Thus when the distance between the electrodes was 
6 cm. the anode drop changed from 19.5 volts when the pressure 
was .2 mm. to 23 volts when it was 2 mm. This increase was ap
proximately proportional to the increase in pressure. With these 
higher pressures the luminous discharge could not be started with 
the 160 cells used, except by passing a spark through the tube 
from an induction coil. At the higher pressures there was no 
change in the anode drop which could be detected when the cur
rent through the tube was varied. 

With hydrogen in the tube it was possible to have a discharge 
with greater pressures and this increase in the anode drop with in
crease in the pressure was then still more noticeable. Thus it in
creased from 10.5 volts when the pressure of the hydrogen was 
1.2 mm. to 28.5 volts when it was 5.3 mm. At this pressure it 
varied approximately .7 volt as the current was changed, there 
being a minimum value when the current was .003 ampere. This 



360 C. D. CHILD. [VOL. XXIX. 

variation was similar to that shown in Table IV., except that the 
value of the anode drop was here much larger. The distance be
tween the electrodes was here 9 cm. 

Anode Drop in Hydrogen. — The anode drop was also examined 
with the discharge through hydrogen using iron for the anode, and 
it was found to have the same general characteristics as that with 
the discharge through air. The currents which passed through the 
tube were larger than those which passed under the same condi
tions with air. The disappearance of striations occurred with greater 
pressures and it was possible to pass the discharge with greater 
pressures, but the anode drop showed the same dependence on the 
condition of ionization in the tube, and has approximately the same 
values. 

Anode Drop with Mercury and Aluminum Anodes. — These ex
periments were repeated with mercury for the anode instead of iron. 
A film always formed on the surface of the mercury when a glow 
appeared in the tube and this made the anode drop somewhat greater. 
For the purpose of keeping a fresh surface on the mercury, the 
bottom of the tube shown in Fig. 6 was replaced by a long tube 
running into a cistern of mercury, which was open to the air. When 
the surface became coated, the cistern was lowered a few centimeters 
and then raised, bringing a comparatively clean surface of the mer
cury to the top. With such a surface the anode drop was, as 
nearly as could be determined, the same as with iron. 

With an aluminum anode the anode drop was found to be much 
larger than with iron, although it showed the same general charac
teristics. The higher values for aluminum quite agree with those 
found by Skinner.1 

No further comparison of the drop with different metals was 
made, since it is necessary to have much more complicated apparatus 
in order to make accurate comparisons.2 

Large Currents Through Tube. — None of the currents used in 
the preceding experiments approach in size those of the ordinary 
form of electric arc. While it is possible to get such currents, 
it is difficult to maintain them long enough to secure satisfactory 
measurements. 

1Wied. Ann., 68, 757, 1899. 
2See Phil. Mag. (6), 8, 387, 1904. 
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Three different substances were used for heating the CaO when 
attempting to get large currents, namely, platinum, tungsten and 
carbon. It was possible to get momentary currents as large as 1.5 
amperes with the platinum foil, but in every case the foil was melted 
before measurements with the anode drop could be made, but as far 
as could be observed the discharge was similar to that in the pre
ceding experiments. There were striations and the anode drop was 
in the neighborhood of 20 volts. 

The tungsten wire which was used in these experiments was very 
kindly furnished by the General Electric Company. It was .32 mm. 
in diameter. It was possible with this to get larger currents through 
the tube, but they were nearly as transitory as when the lime was 
heated on platinum. In this case the trouble was due to the vapori
zation of the CaO. At higher temperatures it was entirely vapor
ized, leaving the tungsten as bright as when new. 

Before this point was reached the CaO appeared to melt and col
lect in globules on the cooler parts of the wire. For some reason 
which I have not discovered, it was more difficult to secure the glow 
from CaO on tungsten than on platinum. It appeared to be neces
sary to raise the temperature of the tungsten every few seconds in 
order to maintain the discharge. The wire also gave out occluded 
gases in much greater abundance than platinum, so that it proved 
much less satisfactory than platinum for the smaller currents through 
the tube, and not any more satisfactory for the large ones. 

The carbon also gave out a large amount of occluded gas and 
the CaO was driven off from this at higher temperatures, but it proved 
more satisfactory than either of the other substances for large cur
rents. The carbon used was 1.6 mm. in diameter and the current 
passed through it was approximately 18 amperes. The current 
through the tube was furnished by a n o volt dynamo, and was 
regulated by resistance in series with the dynamo. The tube was 2 
cm. in diameter and the distance from the cathode to anode was 6 cm. 

It was found that with currents in the neighborhood of .7 ampere 
a change occurred in the appearance of the anode. The glow then 
became concentrated in two or three spots and the anode drop 
became smaller. With currents in the neighborhood of 1 ampere 
the glow was confined to one spot and this was quite luminous. 



362 C. D. CHILD. [VOL. XXIX. 

The striations then became indistinct or disappeared entirely and 
the anode drop became still smaller. This change from the form 
where there was no concentration of the glow at the anode to the 
one where there was but one spot of light was liable to occur with
out any intermediate condition. 

With this change the potential difference between the cathode and 
the anode became smaller and the current became much larger. In 
other words the discharge had become an arc. When the change 
had occurred resistance could be inserted in the circuit and the 
current lowered a considerable extent without changing back to the 
striated form. 

A series of readings showing the relation between the current and 
the anode drop is shown in Table VII. The pressure of the gas 
was approximately .013 mm. These are only approximate values, 
for the carbon was continually giving out gas and the anode drop 
was largely affected by the amount of gas present. 

Current Through 
Tube in Amperes. 

.2 

.7 
1.2 
2 
2.3 
3 

TABLE VII. 

Anode Drop Remarks. 
in Volts. 

19.3 No concentration of glow at anode. 
15 Three bright spots at anode. 
12 One bright spot at anode. 
10 " " " " " 

Q g a it a it a 

8.2 " " " " " 

The discharge from CaO on carbon was also tried through a 
larger tube, one 3.5 cm. in diameter and it was found that there 
was no change in the form of discharge, until the current was more 
than one ampere, and then it suddenly changed to the arc form 
with a current of 5 amperes. 

These experiments were with a mercury anode. Similar phe
nomena were observed with iron and carbon anodes. With the 
carbon different sizes and lengths were used and it was found that 
the larger the surface of the carbon exposed, the larger the amount 
of current flowing when the change from the striated to the arc form 
occurred. Apparently the point where this change occurs depends 
on the density of the current rather than on the total current. 

The attempt was also made to use the luminous vapor rising 
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from the mercury arc as a source of negative ions. This was 
largely a repetition of the work of Pollakx but it seemed worth 
while to go over the work again with the knowledge of the preced
ing experiments in hand. It would seem at first sight as if this 
method would easily afford an opportunity to pass from small to 
very large currents by continuous changes and without trouble 
caused by the vaporization of CaO or by change of pressure due to 
occluded gas. But other difficulties made it harder to secure con
stant results by this means than by the hot lime on carbon. As 
has been shown in a preceding article2 the luminous vapor rising 
from a mercury arc is highly conducting and the part of this in the 
boundary between the hot mercury vapor and the residual gas in 
the tube is the most conducting of all. This is an excellent source 
of negative ions but it is continually moving, so that it is impossible 
to keep the conditions steady. 

In the second place the pressure in the vapor arising from the arc 
is much higher than in the remaining part of the tube and with the 
increase in pressure the striations become less distinct. The pres
sure appears also to be continually changing. As a result of both 
of these and possibly of others the striations were not nearly as dis
tinct as with hot lime, and it was impossible to get any satisfactory 
measurements by this means. 

It was evident that the discharge in this case went through the 
same general changes as with the discharge from hot lime. There 
were striations which changed with larger currents into a continuous 
glow with a concentration of the glow at one point on the anode. 
With this concentration there was a decrease in the anode drop as 
with the other case. 

The lowest anode drops with the arc in a vacuum occur when the 
anode is in the direct path of the cathode rays, as has been pointed 
out by Stark, Retschinsky and Schaposchnikoff.3 This was the cause 
of the low anode drop found by myself in a preceding article.4 This 
condition is quite distinct from that given above, where there is a 
concentration of the current at one point, but is probably identical 

1 A n o . d. Phys. , 19, 239, 1906. 
2 P H Y S . R E V . , 22, 221, 1906. 
8 A n n . d. Phys. , 18, 213, 1905. 
* P H Y S . R E V . , 20, 365, 1905. 
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with that in the preceding work where the anode was in the direct 
path of the cathode rays. 

Explanation of the Variation in the Anode Drop. — The anode 
drop is due primarily to an excess of negative ions in the immediate 
neighborhood of the anode. Negative ions come to the anode from 
the gas, and if no positive ions come from the anode, there must of 
necessity be an excess of negative ions in its neighborhood. Evi
dently this excess will be smaller for a given current the greater the 
velocity of the negative ions moving through this region. It will 
also be smaller, if positive ions come from the metal or are produced 
at the surface of the anode. Some of the phenomena mentioned 
above appear to depend on the velocity of the negative ions as has 
been pointed out by Skinner; others on the production of positive 
ions at the surface of the anode. 

In saying that the anode drop depends on the velocity of the 
negative ions, one must remember that the average velocity of the 
ions is meant. Not only the velocity of the cathode rays but also 
that of the negative ions produced in the gas between the electrodes 
must be considered. No quantitative explanation of this drop can 
be tested until the average velocity of the negative ions in the im
mediate neighborhood of the anode can be measured. It is, how
ever, evident that the lowest anode drop occurred where we should 
expect this velocity to be greatest. Thus we should expect the 
velocity of the cathode rays a few centimeters from the cathode to 
be great and in this region the anode drop is indeed small as was 
shown in Table I. 

As this distance is increased the ions coming from the cathode 
and having high velocity are stopped by collision. Others are pro
duced by these collisions and, since the field where they are produced 
is weak, the velocity which is given to them is small, so that the 
average velocity of the ions is diminished. This is the region just 
above a striation and here we find the anode drop to be large. 

When the velocity of the negative ions has become very small, 
they are crowded together and a strong field is produced beyond 
them. Why there should be this periodic change in the field is not 
known, and we can here only take account of the fact that it exists. 
Where the field again becomes strong, the velocity of the negative 
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ions is again large. This is the region of the luminous part of a 
striation and here again we find the anode drop to be smaller. 

This is true whether the cathode rays are stopped by collision 
with other molecules or by hitting the side of the tube, as when de
flected by a magnet, or when the cathode was placed in a side tube. 
In any case we have the formation of a striation and a rise again of 
the anode drop. 

As one passes downwards through the striation the negative ions 
are again stopped and others produced, which move more slowly, 
since they are in a weak field. In this region again we find the 
anode drop to be greater. 

That the negative ions produced in the tube, or secondary cathode 
rays as one might call them, go for some distance through the gas 
before being stopped, was shown by a phenomenon which was 
noticed when the cathode was in a tube at right angles to the main 
tube. With this arrangement the top of the striation was concave 
downward and there was a conical region immediately under this 
which was brighter than the rest. That this was caused by the pro
jection of rays from the top of the striation was shown by changing 
the current through the tube. As the current was decreased the 
top became more concave and the cone of light was brought to a 
focus nearer to the top. 

The cone of light could also be deflected by a magnet and the 
direction in which it was deflected was the correct one for cathode 
rays. The length of this cone was about 2 cm. A similar phe
nomenon could at times be detected when the cathode was above 
the anode, but the striation was then flatter and the cone could not 
then be readily detected. 

At first sight this explanation appears to fail when the electrodes 
are near together, for there we should expect to find the velocity of 
the negative ions large and the cathode drop to be small, while in 
fact the anode drop was here large. Hiwever, Skinner called atten
tion to the fact that with short distances between the electrodes more 
cathode rays are reflected. Whether we are to consider the cathode 
rays as being reflected, or as producing secondary rays, there 
is in either case a large number of negative ions flying away from 
the anode. These would increase the density of negative elec-
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tricity near the anode. Or looking at it from another standpoint, 
a larger drop in the neighborhood of the anode would be necessary 
to draw back again these negative ions to the anode. There was 
evidence that more cathode rays were reflected when the electrodes 
were near together in the fact that then the part of the tube above 
the cathode was more luminous, as if rays were reflected from the 
anode into that region. 

With very small currents the only luminosity was in the lower 
part of the tube near the anode. One might, therefore, expect that 
a greater number of ions would be formed in that region and would 
have less velocity when they came to the anode. This would make 
the anode drop large, as it was indeed found to be. 

In what has preceded no account has been taken of ionization at 
the surface of the anode, such as might be produced by the impact 
of negative ions. While such ionization may occur at low pres
sures, there was apparently no evidence of it. At higher pressure 
it would, however, appear to be the controlling factor. With pres
sures in the neighborhood of a millimeter, there was no glow in the 
region between the electrodes, but there was one at the anode with 
all distances and currents. The anode drop was then quite con
stant, scarcely varying at all with change of current and increasing 
but slowly with increase of pressure. Apparently under these condi
tions the drop at the anode gives the negative ions sufficient velocity 
to ionize the molecules at the surface of the anode, or else in its very 
immediate neighborhood, irrespective of what their velocity may 
have been before reaching the anode. When this critical velocity 
was reached, changes in the current or in other conditions would 
have but small effect, for if any change should momentarily increase 
the anode drop, there would immediately be an increase in the 
number of positive ions produced at the surface of the anode and 
this would again lower the anode drop. 

With currents in the neighborhood of .5 ampere the decrease in 
the anode drop appears to be quite analogous to that which occurs 
in the electric force in a vacuum tube with much smaller currents. 
With very small currents from hot lime the electric force through 
the tube maybe large. As the current is increased the conduc
tivity of the vapor is greatly increased and the electric force through 
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the vapor decreases. Whether this is caused by the high temper
ature of the gas or by the repeated bombardment of an atom by 
different electrons, until it is broken in two, is perhaps debatable, 
Whichever is the correct explanation in that case, a similar one in 
this case should probably be given. So that we would need to look 
on the arc as an instance where the normal anode drop has been 
diminished by the concentration of current. 

Summary. — The anode drop was examined with the luminous 
discharge produced by hot CaO when pressures of the gas were 
low. It varies greatly as the distance between the anode and 
cathode is varied. It is greatest when they are near together and 
least when a few centimeters apart. As the distance between the 
electrodes is further varied, the anode appeared to move through 
the different parts of a striation and the anode drop depended on 
the part of the striation in which the anode is. The anode drop 
passes through a maximum value just before a new striation begins 
to appear. The same thing occurs when the striation is displaced 
by means of a magnet. 

The anode drop varies greatly as the current through the tube is 
varied. It is large with very small and with very large currents. 
The amount of current corresponding to the minimum anode drop 
depends on the pressure of gas and the distance between the 
electrodes. 

It is least when the anode is in the direct path of the cathode rays. 
It does not appear to depend on the electric force near the anode nor 
on the conductivity of the gas near the anode. 

With pressures of the gas in the neighborhood of 1 mm. or more 
the anode drop is approximately independent of the current and of 
the distance between the electrodes and increases slightly as the 
pressure of the gas increases. 

In hydrogen it is approximately the same as in air. It is the 
same for iron and mercury anodes, but an aluminum anode gives 
a higher value. 

With currents in the neighborhood of .5 ampere there was a 
concentration of glow in one spot on the anode and with this a 
decrease in the anode drop. The discharge then appears to have all 
the characteristics of an arc. 
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The phenomena can be explained by assuming that at low pres
sures and with small currents the anode drop depended on the 
velocity of the negative ions at the anode, that with higher pres
sures it depended on the potential difference required to produce 
positive ions at the surface of the anode, and that with larger cur
rents this ionization potential difference is modified by the concen
tration of current at one spot. 

Part of the work described above was performed in the Caven
dish Laboratory and I desire to express my thanks to Sir J. J. 
Thomson for allowing me the use of the laboratory and for his sug
gestions in regard to the work. 

COLGATE UNIVERSITY, 

June, 1909. 


